Recently, there have been many reports of silicon rubber (SR) hoses becoming brittle in juice factory within one month of purchase. The damage is a new phenomenon, and its cause is unknown. We have collected the damaged hoses attached to UHT sterilizer (ultra-high-temperature) in juice factory and examined them for chemical changes. In addition, we have analyzed the hose-washing chemicals (NaOH and HNO 3 ) that used in juice factory and investigated the effect of NaOH and HNO 3 on a new hose surface in an attempt to establish a probable chemical chain reaction that could attack of the Si-O-Si backbone and cause such degradation. According to WDXRF (Wavelength Dispersive X-Ray Fluorescence), CHNS (Carbon Hydrogen Nitrogen and Sulfur) elemental analysis and FE-SEM photo mapping (Field Emission Scanning Electron Microscope) results, the amount of silicon (Si) and the oxygen (O) concentration were much lower in the damaged hoses than in new SR hose ones. These findings reveal that oxygen-containing silicon-based backbone may leach out from the hose by washing chemicals. As a result, the hoses became brittle after one month of use in juice factory. EDS (Energy-Dispersive-Spectroscopy) peak shows that low concentration of sodium was inserted into the damaged hose surface, due to hose cleaning by NaOH. UV-Vis Spectrometer was used to detect the Si from hose washing chemicals. It was found that the elemental composition of the damaged SR hose changed significantly and both the pH of washing chemicals (NaOH and HNO 3 ) and the exposure UTH temperature have direct effect on the brittleness of the silicon hose in juice factory.
Introduction
The chemical degradation on the surface of the silicon rubbers (SR) hoses after exposure one month to the chemicals environment was determined by evaluating the damage mechanism of the SR back bone structure. SR hose have great industrial importance because of their outstanding thermostability. Silicon rubbers is a rubberlike material composed of silicone, itself a polymer, containing silicon together with carbon, hydrogen, and oxygen. SR is neither organic nor inorganic. It is classified as an organo-silicon compound. This is due to the very important bond between carbon (organic) and silicon (inorganic). The silicon rubber (siloxane) backbone unit Si-O has a bond length of 1.63 Å and a bond angle of 130˚ which make it more flexible compare to C-C (bond length of 1.54 Å and a bond angle of 112˚) backbone unit. Silicone hoses, made of mainly organo-silicon polymer with a silicon-oxygen framework whose simplest fundamental unit is (R 2 SiO)n and are characterized by significant properties such as insusceptibility to cracks, durability, offer good resistance to extreme temperature, a facile operation process, bacteria-resistance and excellent resistance to weathering and is not a hazard to the environment [1] . SR hose are stable bellow the melting temperature, almost all of which are at around 150˚C. Therefore, silicon rubbers are often denoted as "non-degradable or bio resistant". This is of course not true, since all polymers, synthetic as well as native, are degraded when exposed to nature.
In spite of these there are reports from all over the world regarding the degradation of silicone rubbers [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , in various environments for its main structural modifications seen in damaged structure are changes in molecular weight distribution (due to main-chain scission, crosslinking, and end-linking) and production of volatile degradation product. Zhu, et al. [6] studied the surface degradation of silicone rubber exposed to corona discharge. Gustavsson, et al. [14] reported the results of aging of silicone rubber under ac or dc voltages in a coastal environment. A review on the effects and degradation process of silicones in the environment can be found in Graiver, et al. [15] . Tan, et al. [16] reported the degradation of elastomeric gasket materials in a simulated fuel cell environment. Despite these possible disadvantages for silicon rubber, limited number of publications concerning degradation of silicon rubber have been made from both academic and industrial institutions. However, all silicones are man made; no naturally occurring silicone has ever been convincingly demonstrated. Silicones, with their silicon-oxygen backbone, are structurally very far from other macromolecules. It was found that the decrease of Si-O content indicates that the major damage of the silicone rubber is caused by surrounding environmental conditions and the mass loss ratio of the silicone rubber increase due to volatile substances generated by the degradation of silicone rubber in the high vacuum environment [2] .
However, up to date, the research of damage mechanism for SR hose occurred by industrial application is still on the very beginning stage.
Although there are a substantial literatures concerning the degradation of silicone rubber have been extensively studied, there are no investigation work have done regarding the damage silicone rubber hose that may occur when they are contacted to beverage, drinking products and hose washing chemicals in a processing factory.
The aim of the present study was to investigate the degree of degradation and the mechanism for the damaged silicon rubber hoses was subjected to continuous juice load and was expose to the chemical environment.
In this paper, the chemical shift of damaged silicon rubber was studied, and the damage mechanism caused by the hose washing chemicals was primarily discussed. The material characterization method was performed to assess the structural changes of the SR hose before and after exposure to the chemical environment.
Materials and Analysis Procedure

Materials
We have collected the damaged silicon hoses attached to UHT sterilizer (sterilization of juice at 110˚C -135˚C before packaging) and examined them for chemical changes. Figure 1 shows the flow sheet of the SR hose cleaning process in juice factory. We also analyzed the original new SR hose (N) for comparing the chemical structural difference with cracked (P1) and non-defect (P2) surface of the damaged one. All chemicals and standards were of the highest purity grade. MilliQ water (resistivity 18.2 MΩ) was used during the experiments. Orange and apple juice were collected from affected juice factory. Other reagents, including HNO 3 (Tama pure) and NaOH were analytical reagent grade and were purchased from Kanto Chemical.
Analysis of new SR hoses
The damage formation was studied in laboratory on new SR hose surface at temperatures at 110˚C and 25˚C Figure 1 . The juice flow and hose washing-chemicals were controlled by peristaltic pump. The reservoir (flat bottom volumetric flux) of this system was filled ones a day with juice and cleaned up the SR hose by washing chemical every after 24 h, following the steps of Figure 1 for one month. We have collected the hose washing chemicals to measure the Si concentration that leached from SR hose backbone.
Silicon Hose Characterization
System Stereomicroscope
Inner surface picture of new and damage silicon hose was taken by System Stereomicroscope (SMZ 1000)
FE-SEM (Field Emission Scanning Electron Microscope)/EDS (Energy Dispersive
Spectroscopy) The surface characteristics were analyzed using FE-SEM (JEOL, FE-SEM 6700F). The elemental composition (Si, O, C and Na) was determined with an energy dispersive X-ray spectrometer (EDS, JED-2200). The acceleration voltage of 15 kV and a beam current of 6 × 10 -8 A were used in the SEM-EDS-analyses. The sample distance was 15 mm and the analyses were carried out with × 200 -× 10000 magnification. 
Wavelength Dispersive X-Ray Fluorescence (WD-XRF)
We measured the weight percentage of elements and their atomic concentration of new and damaged hose by using WD-XRF-PW 2404R, Philips machine in University of Toyama, Japan.
Carbon Hydrogen Nitrogen Sulfur (CHNS)
Analyzer The weight percentage of carbon (C) and hydrogen (H) were determined by the CHNS analyzer (VarioMICROcube TYU).
UV-Vis Spectrometer 1600
Leached Silicon concentration in washing chemicals was measured at λ = 380 nm with a Shimadzu UV-1600 spectrophotometer.
Solubility Test
Only P1 was dissolved in DMF (fine particles were found inside DMF solution) where as P2 and new silicon hose (N) was not dissolved in DMF solvent.
Results and Discussions
We developed a plan to research the brittleness in silicon hoses; first, we characterized the damaged hoses collected from Juice Company using different analysis methods and confirmed any chemical differences between these hoses and new ones. Then, to clarify any chemical and physical changes to the hoses that took place during one month use in juice factory, a laboratory study was undertaken to investigate the damage of the silicon hoses.
Characterization of Industrial Damaged
Silicon Hose 3.1.1. Structure of New (N) and Industrial Damaged (P1, P2) Silicon Hose Silicon hose is classified as an organo-silicon compounding system, composed of base (base-7100), polyester threads (non-phthalic acid) and special PET (poly ethylene terephtalate) resin catalyst, crosslinking agent etc. The new test silicon hose can be used in a wide range of temperature of -30˚C to 150˚C.
Figure 2(a) shows the repeat unit (n) of silicon rubber. When "n" is small (low molecular weight), the polymer exhibits low physical properties, and in some cases, it may be a liquid. As "n" increases (molecular weight increases), the polymer's physical properties are improved. Silicone rubber polymer chains are generally between 3,000 and 10,000 monomer units in length. The test new silicon hose samples (N) has a repeat unit of 900 -1000 monomer unit in length. Figure 2(b) represents the new silicon hose structure, the first inner surface is the silicon rubber phase, which is covered with polyester thread, and finally the upper surface is made of silicon rubber. New hose (N) picture shows the transparency between inner and outer surface in Figure 2(c) . In Figure 2(e) , similar round-shaped spot were found on the damaged surface of the SR hose and one hole was found for the entire round-shaped damaged spot.
Schematic Diagram of the Damage Area inside
Used Hose In Figure 2 exposure to fruits juice and washing chemicals at high temperature. FE-SEM mapping was used to visually observe the degradation of the fluid-contacted surface of the damaged hose. Figure 3 shows the surface photograph of new SR hose Figures 3(a) and 3(b) ; unaffected areas of damaged SR hose Figures 3(c) and 3(d) and affected areas of damaged hose Figures 3(e) and  3(f) . The results clearly shows that surface conditions were changed over time from initially smooth Figure 3(a) to first cracking line Figure 3(c) and to cracked surface Figure 3(e) . Specially, after 5 weeks of exposure to the fluid environment (juice and washing chemicals), small cracks appeared on the surface of new hose Figures 2(e)  and 3(c) . The crack size increased significantly with increasing exposure time. Figures 3(d) and 3(f) showed the surface image with the degreasing concentration of Si in damaged areas.
From Figure 4 , it could be seen that the degradation degree gradually increased from unaffected surface (P2) to cracked surface (P1) in damaged hose. Figure 5 represented the FE-SEM mapping of the cross section picture of new and damaged hose. There are three parts in each cross section; 1) outer section, 2) thread line and 3) inner section. The outer and unexposed inner surfaces for new hose showed smooth surface Figure 5(a) . The unaffected outer surfaces of damaged hoses (P2-2) are also smooth and there were no cracking found on the surfaces. The fluid contacted inner side (P2-1) was rough and little cracks were found Figure 5(d) on the surface. Figure 5(e) (P1) shows the evi-dence of crack, where considerable big and small degra-dation were observed. 
Detection of Na inside Damaged Hose
In order to get more information about the damage mechanism and elemental changes on the chemical contacted surface of SR hose was investigated by EDS analysis. Figure 6 showed EDS surveyed spectra for SR hose before and after one month exposure to juice and washing chemicals at 100˚C -110˚C. The spectra revealed the presence of silicon (Si) .57% compare to new hose. The EDS peak of Na for both P1 and P2 was observed at 1.041 keV. This fact would indicate that Na, which was formed during the hose washing process with NaOH followed by Na-sili-cate formation. According to elemental analysis Table 1 
Compare the Elemental Concentration of the
New and the Damaged Hoses Using WD-XRF The use of WD-XRF as a multi-elemental method for the analysis of plastics has been widely described [20] [21] [22] [23] . One of the biggest advantages of XRF is that solid materials can be analyzed without foregoing sample digestion.
The main elemental compositions of SR hose are Si, O, C and H with lesser amounts of other elements. The ele-ment (Si, O and other tracer elements) compositions of damaged and new hoses were obtained by X-ray fluorescence using a Wavelength-Dispersive XRF spectrometer. Carbon (C) and hydrogen (H) were measured with a CHNS analyzer. Silicon (Si) concentration is less in damaged than in new hoses Table 1 . As illustrated, the weight percent of silicon and oxygen was decreased and sodium was increased after the degradation of the SR hose in juice factory and after the hose surface was exposed in chemicals in laboratory Table 2 .
The reduction of silicon (Si) in damaged hose is not equivalent to the increasing amount of sodium (Na) for the damaged hoses. Consequently, the sodium concentration of the damaged hose had increased, which indicates that the original structure of the SR hose had been modified by reaction with the washing chemical (NaOH). The silicon and the oxygen concentrations had decreased in the used hose, which indicates that the Si had leached out of the hose and the hose had become brittle. This is because the main raw materials of the SR hose (siliconbase), which contains silicon, oxygen and carbon Figure 2(a) . The exposed parts of the SR hose (P1 and P2-1) in fruits juice and in washing chemicals became brittle, whereas the unexposed parts (P2-2) in fluid were almost unaffected ( Figure 5(c) ). The silicon and oxygen concentrations were lower in the parts exposed to hot fluid (N < P2 < P1), which also indicates the importance of temperature relative to the damage of the SR hose.
Determination of Leached Silicon (Si) from
Washing Chemicals by UV-Visible Spectrometer Leached Silicon (Si) was estimated from the washing chemicals (NaOH and HNO 3 ). The measured silicon concentrations from different washing chemicals at various pH are given in Table 3 . According to Table 3 , decreasing the alkali (NaOH) concentration (2% > 0.004%) and decreasing the alkali pH (13.70 > 11.52), increasing the Si dissolution from SR hose. The leaching also increased in acid medium (1.5% HNO 3 , pH 0.67).
Possible Effect of Washing Chemicals (NaOH and HNO 3 ) on Exposed SR Hose
The properties of silicon rubber come from the structure of the polymer. However, chemical attack can affect the backbone of silicon rubber during utilization and result in intensive mass loss and property degradation [24] .
Effect of HNO 3
The forms cationic radicals, which would accelerate the rupture of the macromolecule chains of the silicon rubber ture of the macromolecule chains of the silicon rubber Figure 7(a) [5] . The above degradation process can be summarized as Figure 7 (a).
Effect of NaOH
Due to the highly ionic character of the siloxane bond this polymer is sensitive to alkaline attack. Figure 7(b) represent the possible degradation pathway for the rapture of silicon-oxygen bonds. The presence of NaOH gives the following reactions scheme [25] : > SiOSi < + NaOH → − > SiOH + NaOSi < − Figure 7(b) . The dissolution of silicone basically depends on the breakage of Si-O bonds of SR hose by NaOH and, thereby, the important factors should be considered to facilitate the degradation, i.e. concentration of NaOH in the solvent [26] .
According to the results of the observation of chemical effect on the new hose surface, the Na concentration was higher when NaOH contacted the inner surface (100˚C -120˚C, average UTH temperature) compare to outer surface of the same hose where fluid was not contacted and under identical conditions. Due to the highly ionic character of the siloxane bond this polymer is sensitive to alkaline attack. Figure 7(b) represent the possible degradation pathway for the rapture of silicon-oxygen bonds. The presence of NaOH gives the following reactions scheme [25] : > SiOSi < + NaOH → − > SiOH + NaOSi < − Figure 7(b) . The dissolution of silicone basically depends on the breakage of Si-O bonds of silicon rubber hose by NaOH and, thereby, the important factors should be considered to facilitate the degradation, i.e. concentration of NaOH in the solvent [26] . According to the results of the observation of chemical effect on the new hose surface, the Na concentration was higher when NaOH contacted the inner surface (100˚C -120˚C, average UTH temperature) than the outer surface of the same hose where fluid not contacted and under identical conditions.δ
Conclusions
The following statements are based on the results:
• According to Fe-SEM/EDS and elemental analysis, silicon (Si) and oxygen (O) concentration was decreased in the following order: new hose > NaOH treatments hose Surfaces > cracked surface of damaged hose (collected from juice company) which reveled that Si was leached out from SR back bone.
• The EDS peak of Na appeared at the peak position of 1.04 keV in damaged hose and no peak due to Na appeared for new hose.
• The atomic concentration of Na for both P2 and P1 surfaces was estimated to be 0.009 and 0.07(b) -0.184(c) respectively. These facts would indicate that sodium, which was inserted by chemical reaction during the hose washing process with NaOH followed, remained inside the silicon backbone, therefore, incorporation of Na into the P1 and P2 surface was clear.
• UV-Visible spectroscopy result shows the presence of leached Si in hose washing chemicals (2% NaOH, 1.5 HNO 3 ). Therefore, silicon hose were degraded, judged by silicon loss and Na insertion into silicon rubber backbone occurred by hose washing process
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